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SUMMARY 

The dependences of the overall ionic mobilities, U, of Yb(II1) on the oxalate 
(C,Ot-) and tartrate (C4H40g-) concentrations in aqueous nitrate electrolytes of 
overall ionic strength 0.01 and temperature 298.1(1)K were obtained by direct mea- 
surements of the electromigration mobilities of carrier-free 16gYb-Yb(III). Math- 
ematical processing of the experimental data allowed the individual concentration 
constants of Yb(II1) to be determined: [Yb(C204)]‘, log Kr = 5.80(5); 
[Yb(C,O&-, log K2 = 4.06(3); vb(C4H406)]+, log K1 = 4.61(6). The individual 
ionic mobilities, up, of the ions were z&,3+ = + 6.01(5) . lop4 cm’ s-r V-i, 

@-WC,O,~1 
v-1, 

+ = +2.5(2) . 10m4 cm2 s-l V-l, ~&,~c~o~r~~- = -2.5(l) . 10d4 cm2 s-’ 
$Yb(C4H406)]+ = +2.3(5) . 1O-4 cm2 s-l V-‘. It is shown that Yb(II1) is not 

hydrolysed in neutral (pH < 8) solutions. 

INTRODUCTION 

The formation of complexes of rare-earth elements with organic ligands in 
aqueous solutions has often been investigated by electrophoresis. The results and 
methodical problems have been reviewed’-3. In these investigations, electromigration 
of radionuclides was studied in electrolyte solutions, stabilized by papers, thin layers, 
gels, finely divided powders, etc., to eliminate convective flows of liquids. Under these 
conditions there are some drawbacks, e.g., see ref. 2, p. 126, which affect the repro- 
ducibility of results. To eliminate them, we have developed an electromigration cell 
for determination of ion mobilities of carrier-free radionuclides in electrolytes free 
of supporting materials (Fig. 1). The special features of its design are, first, continuous 
removal of electrolysis products from the electrode chambers, which ensures a con- 
stant electrolyte composition in the electromigration tube, and, secondly, connection 
of the electromigration tube to the electrode chambers via hydrodynamic resistors, 
thereby excluding convective flows of liquid. The experimental set-up was described 
in detail in earlier articles4-6. 
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Fig. 1. Schematic view of the electromigration cell: 1 = electromigration tube. 2,3 = inlets of the elec- 
tromigration tubes for radioactive stock solution of the element under investigation (2) and for the tem- 
perature sensor and electrodes for the electric field strength measurement (3); 4 = connection pipes for 
water to thermostat the electrolytes in the tube and chambers; 5 = platinum electrodes to apply high 
voltage; 6 = electrode chambers; 7 = flanges to fix hydrodynamic resistors. 

The electromigration facility for direct measurement of ion mobilities in elec- 
trolyte solutions, equipped with a cell of a new design, was tested by applying it to 
investigations of bismuth hydrolysis ‘. The good agreement between the results ob- 
tained and the available literature data suggested that the technique could be em- 
ployed in investigations of other processes, including the formation of metal ion 
complexes with organic ligands. To test this assumption, the radionuclide 169Yb was 
selected since Yb3 + forms stable and well known complexes with oxalate and tartrate 
anions8-i2. Data on their stability constants are summarized in Table I. 

However, there are no electromigration data on the hydrolysis of Yb3+, which 
are indispensable when planning complex-formation experiments. Moreover, earlier 
electrophoresis data13 on the first hydrolysis constants of Y3 +, Ce3 + and Nd3 + 
differed by 4-5 orders of magnitude from the results obtained by other authors. We 
therefore considered it useful to measure the mobilities of Yb3+ over a wide range 
of pH. 
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TABLE I 

STABILITY CONSTANTS OF OXALATE (CzO:-) AND TARTRATE (C,H,O;-) COMPLEXES 
OF Yb(II1) IN AQUEOUS SOLUTION 

P T(K) log K:: Ref. 

0 298.1 7.30 8,9 
0 298.1 4.59 839 
0 298.1 -1.96 8.9 
0.2 296.1-298.1 3.48(3) 10 
0.05 298.1 4.26(10) 11 
0 298.1 5.29 11 
0.1 293.1 4.58(49) 12 
0.1 298.1 3.04 12 

EXPERIMENTAL 

A radioactive sample of 16gYb (Ti12 = 32 d) in H(K)N03 solution was used. 
The radionuclide was obtained by exposure of an ytterbium target, enriched with 
16*Yb (20%), to an intense neutron flux (2 - lOi n cm-’ s-i) in the SM-2 reactor, 
INNAR, Dmitrovgrad, U.S.S.R. The specific activity was of the order of 1 mCi g-l. 
Ytterbium was separated from contaminations by means of cation-exchange chro- 
matography using solutions of ammonium m-hydroxybutyrate14. The latter reagent 
was removed from the ytterbium solution after purification by evaporation to dryness 
with nitric acid. 

A detailed description of the electromigration procedure is given in refs. 4-7. 
The electromigration cell (Fig. 1) was filled with electrolyte solution, together with 
l-5 ~1 of the radioactive stock solution of 16gYb-YB(III) final concentration about 
10m8 M in H(K)N03 whose overall ionic strength, ,u, and pH were similar to those 
of the electrolyte systems. The ionic mobilities of Yb(II1) were determined at T = 
298.1( 1)K and a constant voltage gradient, AE = 10.0(l) V cm-’ in the following 
electrolyte systems of constant overall ionic strength p = 0.01: (i) HN03-K2L, pH 
2-3; (ii) H(K)M03-K2L, pH z 5.5; (iii) H(K)N03-K2L, 2 < pH < 5.5; (iv) 
H(K)NO,-KOH, 2 < pH < 12, where HzL is oxalic or tartaric acid, respectively. 
Some determinations in the electrolyte system (iv) were carried out at p = 0.1 as well 
as with lo-’ M Yb(II1) as a carrier. The concentrations of oxalate and tartrate were 
calculated by using concentration dissociation constants of pK1 = 1.31, pK, = 
3.81i5, and pK1 = 2.99, pK, = 4.8116, respectively. Twice distilled water and chem- 
ically pure reagents were used to prepare electrolyte solutions. 

RESULTS 

Hydrolysis of Yb (III) 
The constant value of the ion mobility, uyh3 + = + 6.03(22). lop4 cm2 s-r V- ‘, 

measured in electrolyte system (iv) at 2 < pH < 8.5 (Fig. 2) indicates that Yb3+ is 
not hydrolysed in this range of hydrogen-ion concentration. Consequently, the mole 
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Fig. 2. Plot of ytterbium(M) overall ionic mobility against the pH of aqueous nitrate solutions of elec- 
trolyte system (iv); T = 298.1(l) K. 

fraction of Yb3 + in respect of the hydrolysis of Yb(II1) is ayb3+ = 1. In weak alkaline 
solutions with pH 9-10 the element is adsorbed to the glass surface of the electro- 
migration tube. This effect leads to disturbance of the hydrolysis equilibrium and, 
consequently, to irreproducible results. However, an analysis of the experimental 
electromigration data, shown in Fig. 2, indicates that pKi x 9 for the first hydrolysis 
constant of Yb(II1). This value is of the same order of magnitude as the constants 
of Yb(II1) and other trivalent lanthanides determined by methods other than elec- 
trophoresis’ 3. 

Oxalate complexes of Yb(III) 
The overall ion mobility, U, of ytterbium(II1) changes with the concentration 

of oxalate ion (Fig. 3) in similar manner whether in acid (pH 2-3) and neutral so- 
lutions (pH z 5.5). This can be regarded, first, as confirmation of the conclusion 
that Yb(III) is not hydrolysed in neutral solutions (Fig. 2), and, secondly, as an 
indication of the formation of relatively weak complexes of ytterbium(II1) with 
H&04. With [C,O3-] 10e4 44, the overall ionic mobility of Yb(III) is negative. 
This indicates the formation of complex anions [Yb(C,04),13-‘” with n > 1. 

When interpreting the experimental electromigration data, the formation of 
oxalate complexes through reaction 1 is assumed 

Yb3+ + nC20:- !$ [Yb(C204)J3-‘” (1) 
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Fig. 3. Plot ytterbium(II1) overall ionic mobility against the oxalate-ion concentration in aqueous nitrate 
solutions of electrolyte systems (i), (ii); T = 298.1(l) K. 

where n = 1.2. According to reaction 1, the overall ionic mobility of ytterbium(II1) 
in oxalate solutions will be described by 

~Yb(lll) = 
1 + K,[L2_] + K1Kz[L7 

(2) 

where up are the individual ionic mobilities of species [YbL,]3-2”, n = 0,1,2, X1 and 
K2 are the individual concentration constants of the complex formation and t-L2 -1 
is the concentration of the ligand, i.e., in this case oxalate. 

The dependences 6yb(111) = f([L2-]), obtained experimentally, were processed 
mathematically according to eqn. 2 by a least squares method using the computer 
program MINUIT’ 7. The results of the measurements, performed in electrolyte sys- 
tems (i) and (ii), were pooled. The calculation results are listed in Table II. The line 
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TABLE II 

INDIVIDUAL CONCENTRATION CONSTANTS AND IONIC MOBILITIES OF [YbLJ3-‘” (L = 
OXALATE OR TARTRATE), CALCULATED ON THE BASIS OF EXPERIMENTAL DEPEN- 
DENCES U,,(,r,, = f([Lz-I), p = 0.01; T = 298.1(l) K 

IO?l log K, (K,, in 1 mol- ‘) up (IO-4 cm2 s-l V-’ I 

Yb’+ 
P’WGW + - 

+ 5.92(8) 
5.80(S) + 2.49(24) 

Wb(‘XL),I - 4.06(3) -2.53(10) 

Yb3+ 
IYWGHGJI + - 

+ 5.98(8) 
4.61(6) + 2.25(53) 

drawn in Fig. 3 shows the function UybuIn = f([&Oi-1, up, K,), calculated by eqn. 
2 using up and K,, data from Table II. 

Tartrate complexes of Yb(lII) 
The dependences of the overall ionic mobility of Yb(II1) on the tartrate con- 

centration in electrolytes (i)-(iii) are shown in Fig. 4. As in oxalate solutions, the 
concentration of hydrogen ions does not affect the overall ytterbium mobility, indi- 
cating the absence of formation of hydrogentartrate complexes. 

In the tartrate concentration interval investigated the measured overall ionic 
mobilities were positive. This can be interpreted as negligible formation of the anionic 
complex mb(C4H406)J. However, in order to haver an opportunity of math- 
ematically processing the experimental data of Fig. 4 according to eqn. 2, we had to 

I 
27 6 5 L 3 

-log [tart2-] 
Fig. 4. Plot of ytterbium(II1) overall ionic mobility against the tartrate-ion concentration in aqueous 
nitrate solutions of electrolyte systems (i)-(iii); T = 298.1(l) K. 
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take the individual ionic mobility of [Yb(C4H40&]- as equal to that of the similar 
oxalate complex: z&- = -2.5(5) . 10e4 cm2 s -i V4- ‘. The calculation results are 
given in Table II. ?he curve shown in Fig. 4 is the dependence z&~(iii) = 
f([C,H,Os-1, up, K,,) calculated using the values of up and K. obtained. 

DISCUSSION 

Table I lists the individual thermodynamic stability constants of oxalato com- 
plexes of Yb(III), based on solubility experimentss,Q. For comparison, our concen- 
tration constants were extrapolated to a value of p = 0 using Davies’ empirical 
formula1s,19: 

log K$ = log Kt: - AZ’ . A 
JL 

w - 
1 + J/J 

0.2p 
> 

(3) 

In our case AZ* = - 12 and -4 for calculation of log G and log J$ respectively; 
A is the Debye-Htickel coefficient, 0.511 for aqueous solutions at 298.lK. 

The extrapolated values of log e = 6.34(5) and log Kj = 4.24(5) are in satis- 
factory agreement with the results in refs. 8 and 9, taking into account the principal 
differences in the analytical technique and related assumptions. 

The log K1 = 5.15(6) value for the tartrato complex of Yb(III), obtained in 
the present work is in better agreement with literature data. Values of Table I ex- 
trapolated to log G are 5.12(3)10~11, 5.2911, 5.29(49)12. 

These results demonstrate that the special electromigration technique involving 
direct measurement of ionic mobilities of radionuclides in homogeneous aqueous 
electrolytes readily yields well reproducible experimental data on the complex for- 
mation of metal ions, necessary for calculation of reliable values of equilibrium con- 
stants. 

Additionally, new and interesting data on the individual ionic mobilities 
of [YbL,]j 2n, IZ = 0,1,2 are provided. First of all, the constant ionic mobility of 
Yb(III) showed that Yb(II1) is not hydrolysed in aqueous solutions with pH < 8, 

P = 0.01-0.1, T = 298.1 K. A mean individual ionic mobility of 
&,,a+ = + 6.03(22) . 1O-4 cm2 ski V’ has been determined in electrolyte (iv). Sim- 
ilar values for u&,3+ were obtained by mathematical processing of the dependences 
of the overall mobility of Yb(III) in oxalate and tartrate solutions, giving a final 
value of z&,3+ = +6.01(5) . lO-4 cm* s-i V’ in p = 0.01 nitrate solutions. The 
calculated individual ion mobilities u&+ 
ratios of z&,~+ to u$,~+ and u$,,~ ;, 

and Z&L; are practically the same. The 
respectively, are almost 3:1 (actually 2.34 for 

oxalate and 2.66 for tartrate). This allows a tentative conclusion that the main factor 
affecting the migration mobilities of complex ions of a metal cation with organic 
ligands like oxalate and tartrate is its charge. 
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